The larval stage of the flounder P. olivaceus, when their body color (normal coloration or albinism of juveniles) was determined, was estimated by two ways of feeding. One was to feed Brazilian Artemia nauplii and rotifers which induce albinism easily in a high percentage. The other was to feed wild zooplankton and rotifers which usually induce normal coloration in a high percentage. Larvae of 10 days old were divided into 8 lots of 1,000 larvae each and were fed for 29-30 days on different feeding schedules at different growth stages by a combination of the 2 feeding methods. Based upon the percentage of normal coloration and albinism at the end of experiment, 8 experimental lots were divided into 3 groups. In the first group (Tanks 1-3) in which Artemia nauplii were changed to wild zooplankton before the larvae grew up to D stage, the highest percentage of normal coloration was observed (60.2-75.4%). In the third group (Tanks 5-8) fish began to accept wild zooplankton from E stage, the highest percentage of albinism was observed (90.9-100.0%). In the second group (Tank 4 only), wild zooplankton were given to larvae in place of Artemia nauplii when the larval developmental stages consisted of 25% D and 75% E, and this composition agreed well with the percentage occurrences of normal coloration (27%) and albinism (73%). From these results, D stage was estimated to be the critical stage determining the juvenile's coloration in terms of kinds of live foods.
The Japanese flounder, Paralichthys olivaceus, is one of the most important commercial species among Japanese preuronectiformes. Recently millions of the juveniles are produced artificially for cultivation to marketable size or release at a certain stage into the coastal water to promote coastal fisheries. Occurrence proportion of albinism in the hatchery-reared preuronectid fishes including this species is reported to be markedly higher than those in the wild.1-4) This abnormality involves frequently some other morphological abnormalities,5) and probably results in low survival rate after release into the sea. Thus it is very important to clarify the mechanism of this abnormality and establish effective methods to prevent this.
As the causes of this abnormality, light condition during egg incubation,6) larval stocking density in rearing tank,3) feeding level during larval stage7) and so on have been already suggested by many workers. Recently we showed that nutritional factors correlated with appearance of the abnormality: feeding of Brazilian Artemia nauplii mixed with rotifers Brachionus plicatilis from 5mm TL resulted in high occurrence proportion of albinism (97.0-100.0%) 4, 8) and other geographically different strains of Artemia reduced the level of occurrence (81.3-84.9% on Tien-tsin strain and 21.1-26.1% on San Francisco Bay brand strain),8) whereas feeding of wild zooplankton mixed with rotifers, from the same stage resulted in extremely low percentages of occurrence (0-1.8%).9) These results indicate that occurrence of the abnormal coloration can be arbitrarily controlled by feeding various types of live foods in terms of geographically different Artemia strains and wild zooplankton during periods of larval stages.
The purpose of the present study is to estimate the larval stage of the flounder when their body color (normal coloration or albinism) after metamorphosis is determined by early live foods.
Materials and Methods
Flounder eggs, naturally fertilized on May 10, Fig. 2 . Growth of the flounder larvae in each experimental tank. Solid line (broken line) shows the period of feeding on wild zooplankton and rotifers (Brazilian Artemia nauplii and rotifers). Arrows show the day when food organisms given to larvae were changed from Brazilian Artemia nauplii and rotifers to wild zooplankton and rotifers.
Results

Growth and Survival
Growth of larval flounders in each experimental tank is shown in Fig. 2 . The growth was highest in larvae fed on Artemia nauplii and rotifers (Tank 8) and lowest in those fed on wild zooplankton and rotifers (Tank 1). Larvae in Tanks 2-7 were intermediate in growth which was reduced after changing their food combination from Artemia nauplii and rotifers to wild zooplankton and rotifers.
Although survival rate of larvae in Tank 1 (89.5%) was slightly higher than those of other tanks (66.8-82.3%), it increased generally as long as the duration of Anemia nauplii supply extended ( Table 4) .
Estimation of Larval Stage Determining the Juvenile's Coloration
Percentage occurrence of each coloration type in each lot is shown in Table 5 . The major types of their coloration observed in the present study were normal coloration and almost total albinism (Type I). Then eight experimental lots were classified into three groups according to the percentage occurrence of these two coloration types; percentage occurrence of normal coloration was highest, intermediate and lowest in the first (Tanks 1-3; 60.2-75.4%), the second (Tank 4; 27.6%) and the third group (Tanks 5-8; 0-9.1%), The wild zooplankton supply began from the stages earlier than D-stage for the first group (highest percentage occurrence of normal coloration), and from the stages later than E-stage for the third group (lowest percentage occurrence of normal coloration, Tables 3 and 5 ). On the second group, the percentages of survived juveniles in Tank 4 showing normal coloration and albinism were 27.6% and 72.4%, respectively, corresponding to the composition of the larval stage when wild zooplankton supply began (25% of D stage and 75% of E stage). Thus it may be concluded that flounder larvae are capable to show normal coloration after metamorphosis if they began to feed wild zooplankton while D stage (Mean In the present study, percentage occurrence of albinism on fishes in Tank 1, which had been fed on only wild zooplankton and rotifers, was 24.6% which was rather higher than those obtained in the previous study (0-1.8%).9) The reason of this phenomenon was suggested as follows; About 60% of wild zooplankton supplied to larval flounder during anterior part of the experiment (till June 4:32 days after hatching, Table 1 ) were Coxiellidae sp. and copepoda nauplii which were much smaller than the other wild zooplankton. These insufficient amounts of wild zooplankton supply increased the relative importance of rotifers which were used in addition to wild zooplankton. In this case, because rotifers had the potential inducing albinism, percentage occurrence of albinism in Tank 1 might increase to 24.6%. Actually, single use of this rotifers to larval flounder in parallel with this experiment resulted in almost 100% occurrence of albinism.*1 However rotifers do not always have the potential inducing albinism, probably they change the potencial by years and by laboratories according to their culture condition and their culture medium, like as our previous study showed the high potential of rotifers inducing normal coloration of juvenile flounder in opposition to this case. 4) Larval growth in the present study was highest in Tank 1 and lowest in Tank 8, intermediate growth were obtained in Tanks 2-7 as if better larval growth induced albinism of juveniles. These differences of larval growth might be dependent on the duration of larval feeding of Artemia because flounder larvae could catch Artemia nauplii more easily than wild zooplankton. In one of our previous studies, the influence of three different geographically strains of Artemia on the appearance of albinism were examined.81 The percentage occurrence of albinism were highest (99. 
